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Introduction

Hyperon non-leptonic weak decays

Tt = nrt Tt = pa®, L7 = nn,

A - pr, A = na¥

={

E7 = An, — An?.

- each have an S-wave, parity-violating and a P-wave, parity-conserving amplitudes
- each contains a dominant |AI|=1/2 and a suppressed |AI|=3/2 components.

The |AIl =1/2 transitions have been much studied in chiral perturbation thedry
(XPT), and calculations including the leading non-analytic corrections have yielded

mixed results. Lijweus ovcda, W
On can get a good fit to the S-wave or P-wave amplitudes, but not both. sr‘:k"‘i

g G |w
The |AI|l =3/2 amplitudes are less well studied. AblEl-Hedy, 3T,

In view of the situation in the [AI|=1/2 sector, it is instructive to do a one-loop
analysis of the |[AI| =3/2 amplitudes.



L4

Chiral Lagrangian for strong and weak intevactions

Octet pseudoscalar-mesons:

(Gnd+domg  w K+ )
T=e¥!, where ¢ =VE| AT+ %m K ,
\ K~ K° 3%’73)
and f is the pion-decay constant in the chiral-symmetry limit.
Octet baryons: |
([ ZE + %A T+ P )
B = - %2?+ VIEA n
o F = A

Decuplet baryons are described by a Rarita-Schwinger field Tk, that satisfies the
constraint +,T4, =0 and is completely symmetric in its SU(3) indices, a,b,c:

Ty = A%, Ty = A, Ty = 715_50 , Ty =47,
Tys = T4, Ty = 55°, T = 5T,

Tigs = 5E°, Ty = 5=, Tpz=10Q".

Under SU(3),, x SU(3)g transformations,
T~ — LR ’ B — UBU! ) Trbc - UadchUchif 1
where L,R € SU(3), g and the matrix U is implicitly defined by the transformation

¢ = 4N _, LeU' = UER'.



In the heavy-baryon formalism (Jenkins and Manohar), the effective Lagrangian is
written in terms of velocity-dependent baryon fields,

B,(z) = e™s?"* B(z), T (z) = emsfvTH(y),

Leading-order (in energy expansion) chiral lagrangian for strong interactions:
£ = Tc(B,iv"D,B,) +2D Tr(B, S {A,, B,}) +2F Tr(B, 5 [A,, B,])
- T31w'D,T,, + AmT¢T,, +C (T5A.B, + B,ATH) + 2H TS, . A T,
+ 1 T(0#st8,%) |
where
Vo= 56061 4€10,6) . A, = i(c0,6'-€10,6),  D*B, = 9B, + [ B,
DT s = 0T gpe + VolT) e + V(T )i + VAT )
T;AB,+ BAT! = ¢, (T%)cte (A es( B, )i + €ase (B)aal AL)se(TH) e »
Am =my —mpg, and S¥ = ~i[7*,7"]u, is the velocity-dependent spin operator satisfying

Sive =0, {S,87} = §(v" —g*), [S4,50] = iey,S,,.

Simplifications:

i i

. tors:
e.g., baryon propagators k-vtie' k-v+ie

(quv = Jur ;5"5,) .

Explicit breaking of chiral symmetry, to order m, and in the limit m, =m, =0, is
introduced via

Lo, =a Te(MEt+ oMY
+bp Te(B, {¢'Me! +¢MT¢, B,}) + b, Te(B, [6tMe +eMte, B))
+ 0. Te(MZ! + TMY) Tx(B,B,)

+ Ty (E1ME1 + M) T, — 6 Tr(MEt + SMt) TeT,

vy )

where M = diag(0,0,m,). In this limit, m, =0 and mj = §mk, and mass splittings within the
baryon octet and decuplet occur to linear order in m,.



Within the standard model, weak transitions with |AS] = 1 are induced by an
effective Hamiltonian

Heg ~ Upy*sydpy*u, + hec.,

that transforms as linear combination of (8;,15) and (27;,13).

Weak transitions with |AS| =1, |AI| = 3/2 are induced by an effective Hamiltonian
that transforms as (27, 1) under chiral rotations:

27, 1 G . C1 + ¢ i j
Ha ' = 7—;;Vudvus (“""3_) AT 1 QL7pr dr'a + he,

where Tiyy3 =15 13 =T1951 = To131 = 1/2 and Ty g3 = Ty gy = —1/2.

The desired effective Lagrangian must have the symmetry structure of ?{g{‘*‘l“).

The leading-order weak Lagrangian involving baryons can be constructed from the octets B, B and
the decuplets T, T,,. using the direct products

88 = 1980800010027, 10010 = 108@27TH64.
(Nonzero combinations involving one octet and one decuplet are of higher order.)

The leading-order weak chiral Lagrangian for baryons is, thus,

LY = By Tiiu (EBoEY),; (€Buth); + S Tijnr Exalhi €1e8li (T)aseTo) gae + hec.
(Ve & Valewcia )

For purely-mesonic processes
w A §
Ly =7 Ty (3‘“2 Et)k‘. (6p2 Et)’j + h.c.

where ,; is already fixed from K — 7w decays to be ~y; &2 2.5 x 1079,



B S SRR = iy

AL} = 3/2 decays of octet hyperons
Amplitudes to O(m, In m,) |
The amplitude for B — B’'x in the heavy-baryon formalism
| Mg px = Gpml iy (Afssgh +2k- S, Ag%'-.-r) Up ,

where £ is the outgoing four-momentum .of the pion.
The [AT] =3/2 amplitudes satisfy the isospin relations

ME*‘—)R:*‘ — ﬁME"’-—)pfr" + 2ME‘—-mw' =0 *
MA—mrr” - \/EMA-}p:r‘ =0 '
MEU—}AWO - ﬁME‘-—)A#“ =0,

and, therefore, only four of them are independent.

At one loop
2 2
5) _ _L1 T S) 3 S)\_Mg , mg
'A(B ' = V2 r [0-’33'. + ( BB — f\.BBfwaBB') _16?r_2f',3 In ﬂ2] ’

1 p 3P) T (P) my my (P)
A(P)rn. = [Ct'( ) + ( r — A s + ln -+ Yeg & A
BB \/ﬁfﬂ- BH | ( BB BB BB) lﬁﬂzﬁ p2 BB'“*RB

where f =~ 92.4MeV is the physical pion-decay constant;
Qpp: comes from tree-leve] diagrams;

Bos = Bep + fyp from one-loop {octet only+-decuplet) decay diagrams;
Appr, from wave-function and decay-constant renormalization;
and 75z, from the one-loop corrections to the propagator in the P-wave diagrams.

Only nonanalytic terms up to the leading logarithms (m, log m,) are kept, the diver-
gences being absorbed by counterterms.

The number of free parameters from counterterms is larger than that of data, and so
it is possible to fit 2]l the amplitudes to data, but there is no predictive power.

We limit the study to evaluating the question of whether the lowest-order predictions
are subject to large higher-order corrections. -

(Gn'lgh owne-loop caleulation wio deunplet douwe by Roracoyé Holilain for A2 )



Examples of O(p) weak counterterms are
‘ilT,H [(€B.B.E),, — (But),; (€BL)) (€4 - vEY,
+ 2 T., i (6B, (€44 - v, B,} ¢,
Cszr,,k( BE') (€14 v, BEY),
Tyu (E{A- v, B,}¢"),, (€B.EY),
am (6 [A v, B] €Y, (€B.£T),
sut (EB,BE"),, (EA-5,¢),
Ty (€B.E"),, (€55 {4,, B,} &),
Tyu (EB.ET),, (€51 [A, B €Y,
Tiiu (6 {Au B} Su€"),, (€B,€"),

+ TTU u (€ [Ay, B,] St€),, (EBv‘ET)!j

Ly =

"i

|nwgwﬁwﬁ>m>u
"'3



At leading order in xPT, O(1), there are contributions to the amplitudes from the
tree-level Lagrangian in Eq. (3). They arise from the diagrams displayed in Figure 1
and are given by

S
agln = —‘g‘ﬁ'n, a.(E')n = P, afﬁ =0, a(ES-)A =0,
®) _ (_1p_3 Por P _ Baz
Aypin ( 2D 2F)m2 —my ’ Qpey F My — My )
Py _ 21 B P _ _ 1 B
= D ozn = ~D

where the strong vertices in the P-wave graphs are from £° in Eq. (1).

(a) | (b)

Figure 1: Tree-level diagrams for (a) S-wave and (b) P-wave hyperon non-leptonic decays. Solid
(dashed) lines denote baryonm-octet (meson-octet) fields. A solid dot (hollow square) represents a
strong (weak) vertex. In all figures, the strong vertices are generated by £* in Eq. (1). Here the weak
vertices come from L” in Eq. (3).
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Figure 2: One-loop diagrams contributing to S-wave hyperon non-leptonic decay amplitudes, with
weak vertices from LY in Eq. (3). Double (single) solid-lines represent baryon-decuplet (baryon-octet}
fields. :
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Figure 3: One-loop diagrams contributing to P-wave hyperon non-leptonic decay amplitudes, with
weak vertices from L% in Eq. (3).
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Contributions from one-loop diagrams involving only octet ba.ryons, shown in Fig-
ures 2 and 3, are

e = (§- 2D - 3DF + 2F%)B,, A =0,

0,

il

S S
B2, = (-B+3D*+2DF - iP5, 49,

P g
o= (BD+2F 8D _Bptp _3Upp?, 1ps)_ P

b
My — My

= (~-BF 4+ 8D?F + 2DF? —.2F3)-—ﬁl?~—

mE—mN’

Bas = H(-BD+ 2D 4 2p%F - 2DF2)——’8—-—

my —my

P = H(BD-18D 4 2p?F 4 2pF?)- Pnr__

Mz — My

One-loop diagrams involving decuplet baryons (also shown in Figures 2 and 3) yield -

$ s
!g*')n = _% 62527 y ﬂ;\(p) =0,
ﬁ!(S) = 562627 3 AB',.E@%\ =0,

(B) _ (859 _ Bpy 1pye?__Pn D+1F)C? 8yq
tBE*'n_ 182 T 7 +3 ) mE___mN_(g + ) ‘E—mN,
F® = (-BH + BD-1p)c2 P + 2Py — %

n 547 T 95 s — M My — Ty

B = H(-EH+iD+ 4R L | 2 per_ On

Ap T B\T 54 3 3 Mg — My 7‘ My — va
ﬂ'(P) —_ 1 ‘"S'H“-'iD‘"gF)c2 1827 _ 1Dc2 6
E-A T 75(54 3 3 mz — my v m .
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The contributions from the wave-function renormalization of the pion and the octet
baryons and from the renormalization of the pion-decay constant are collected into

Mppr = §(Ap 4+ g +X;) = Agy
where xB = ’\B + XPB, A, and /\fa.re defined by

i 2 2 2

_ < mK mK - .
ZB_I"')-‘Bls 2f21np2 ’ _Zf_1+Aw16 2f21n
and
f m2 2
A ln
f =1+ 16 e f2
with _
Ay = YD*-5DF + BF?, Xy = §C%,
A= ID*+9F?, A= C%,
g = BD24+3F?, N = 12,
de = YD+ 5DF + BF?, = B,
A‘. = —%, Af = —%

For numerical estimates, we use the values (Jenkins & Manohar)

D =061+004, F =040£003, C =16, H = -19x07.



ﬁnivlscr :
Bovasoy & Hobiein

Finally, for the P-waves, we must also include one-loop corrections to the propagator
that appears in tree-level pole diagrams: |

_ - _ _ kN = _ pPer
Yo+n Ye-n ‘TAp My — My ’ WE'A- mg — m}:
where | ; .
3 . . | ]
. _ _4 —3
HBxy =~ (ﬂx ﬂY) 167rf2 .
2
. - m
+ [(’?X_’_Yy'fA'Xax+AYay)ms+(/\’ A' )Am] 167 2f ]-n K ’
and
ay = =2(bp —bp) — 20, ag = —20, ag = =2(bp+bp)—20
By = §D* —2DF +3F* + ;%= (D* —6DF +9F?%) + 3C?,
By = 2D +2F* + 25D? + (R +5) 2,

[}

= 3D+ 2DF +3F* + ;4=(D* + 6DF + 9F?) + (1+78-) c?

Iy = "‘3bD-—bF bD( D2+12F’)+b,.(2D2-4DF+6F2) +8q-20)y
+ 3cC?— 26Xy

35 = 2bp = bp (6D2+6F2)-b,.~(12DF) +820 202 + §cC?-23)g,

e = Bbp+Bby—by (4D* +12F%) - by (3D* +4DF +6F%) + F 0 — 20)¢
+BeC?-22.

Parameter values:
bpym, = %(mn —m,) =~ 0.0290GeV ,

o
.|

3
™

i

% (my —mgz) = —0.0948 GeV ,
em, = %(mn —m,) = 0.220GeV,

Am —2(5 —o)m, = my —mg =~ 0.0389GeV,
where the fourth parameter is the only combination of Am, om, and om, which
occurs in Hyy-



Current experimental values

The value of the S- and P-wave amplitudes for each hyperon decay B -+ B'r can

be extracted from the measurement of the decay rate T' and asymmetry parameters
« and v, '

T 2 2
_ 2Re(s"p) s -
P+’ 7T s jplE

where s and p are related to A(g};), by
s= A®,  p= —[K4®,

k being the pion three-momentum in the rest frame of the decaying baryon.

Table 1: Experimental values for S- and P-wave amplitudes.

Decay mode ' s P
Tt o gt 0.06' £ 0.01 1.85 +0.01
3+ — pr? —1.48 4+ 0.05 1.21 +0.06
LT —yan 1.95+0.01 —0.07+0.01
A — pr™ 1.46 + 0.01 0.53 £0.01
A - nnl —-1.09+£0.02 -0.40+0.03
=" 2 An~ —2.06 £0.01 0.50 £0.02

Z0 5 An® 1.55+0.02 —0.33+0.02




From the amplitudes in Table 1, we can extract the {AI| = 3/2 components using the relations

S:gA) = 715 (\/ESA—}M-” +3A—+pr-) 1 S:EE) = 332'(\/5 SzosAq0 F SE-—-}A:r") )

(£)
S3 = - sE""—)mr‘*‘ 2 3E+—hpﬂ'° Sp-ona-)

the [AIl=1/2 components (for A and = decays)

si = 715 (SA——HH'“ - \/gsn—m—) ’ S = "3@ (Ssb-mwﬂ - \/ESE‘—-MJ“) ,

and analogous ones for the P-waves. The |AJ| = 1/2 rule for hyperon decays can be seen in the
ratios shown in Table 2.

Table 2: Experimental values of ratios of |AT| = 3/2 to |AI| = 1/2 amplitudes.

s s® IR R Y P
0.026 = 0.009 0.0424+0.009 —0.055+ 0.020

L S L S & )
0.031 £ 0.037 -0.045 4 0.047 —0.059 £ 0.024




Numerical results and discussion

L7 = By Tiju (6B.€),, (EBAY), + 81 T el €065 (TaseTouduse + b

My = Ci By, ME = Coflyy,  MiiPlet = Cy By + Cyn .

Table 3: Summary of results for |AI| = 3/2 components of the S- and P-wave
amplitudes to O(m,lnm,). We use fBy; = dy; = —0.068 /2 £.Gpm? and g = 1GeV.

Theory
. Amplitude Experiment Tree Octet Decuplet
0o(1) O(m,Ilnm,) O(m,lnm,)
siv ~0.047 % 0.017 0 0 0
S 0.088 + 0.020 0 0 0
Si® -0.107+£0.038 —0.107  —0.089 —0.084
P —0.021 =+ 0.025 0.012 0.005 —0.060
PP 0.022 +£0.023  —0.037 —0.022 0.065
P —0.110 £ 0.045  0.032 0.015 —0.171

- Calculations yield zero contributions to Sg\) and S‘és), indicating that they are
predicted to be about 1/3 of ng) in size because there are nonvanishing contributions
from operators occuring at the next order, O(m,/A, gp). The experimental values of
SiM and S5Z) support this prediction.

- Since only nonanalytic loop terms are kept, and since errors in the measured P-wave
amplitudes are larger than those in the S-wave ones,

we extract (,; by fitting the tree-level ng) to experiment, |

and treat the tree-level P-waves as predictions and the loop results as a measure of
the uncertainties of the lowest-order predictions.



Mipee = C1Bar s Mﬁf:;t = Cy 8y, Mipecuplet - CyByy + C by .

loop

Table 1: Summary of results for |AI| = 3/2 components of the S- and P-wave amplitudes to
O(m,lam,). We use 8,, = §,; = —0.068v2 £.Gpm2 and u=1GeV,

Theory
Amplitude Experiment Tree Octet Decuplet
O(1) O(m,lam,) O(m,lnm,)
59 ~0.107 + 0.038 -0.107 —0.089 —0.084
pM —0.021 +0.025 0.012 0.005 —0.060
P 0.022 + 0.023 —0.037  —0.022 - 0.065
P —0.110 = 0.045 0.032 0.015 —0.171

- The lowest-order P-wave predictions are not impressive, but they have the right
order of magnitude and differ from the central value of the measurements by at most
three standard deviations.

For comparison, in the |AI| = 1/2 case the tree-level predictions for the P-wave
amplitudes differ from the measurements by factors of up to 20.

- The loop corrections depend on 8,; and §,;.
For illustrative purposes, we choose &,; = (-, a choice consistent with dimensional
analysis and the normalization of £¥.

- Some of the loop corrections are comparable to or even larger than the lowest-order
results although they are expected to be smaller by about M% /(4w f.)? =~ 0.2.

Large corrections occur when several diagrams add up constructively, resulting in
deviations of up to an order of magnitude from power-counting expectations, as the
expansion parameter is not sufficiently small.

These numbers are consistent with naive expectations.

- Although the one-loop corrections are large, they are all much smaller than their
counterparts in |AI| =1/2 transitions, where they can be as large as 30 times the
lowest-order amplitude in the case of the P-wave in K® — pn"‘.

This discrepancy was due to an anomalously small lowest-order prediction arising
from the cancellation of two nearly identical terms.



A Aod Bl-Hody & Tawdenn  hay-gh/ 040248

Table 2: Experimental and theoretical values of S- and P-wave |AI| = 1/2 amplitudes.

Decay mode Sexpt Stheory Stree Sloop 3{32 Sl(goe;)
vt 5 nnt 0.06 —0.09 0.00 —0.09 013 —0.22
Y- s nn 1.88 1.88 1.62 0.26 040 -0.14

Ao pr 1.49 1.42 0.61 0.81 0.24 0.58
E- = Ar~ -198 -198 -1.29 —0.69 -022 -046

Deca'y mode Pexpt Ptheory Diree ploop pl(gg:)) pg:;)
ot s ant 1.81 241  —0.40 2.81 0.07 2.74
Y- o5nr~  —0.06 . 1.93 —0.16 2.10 0.08 2.01

A= pr” 052 -113 —003 ~-L10 -—009 -1.01

ET = An” 0.48 217 -0.22 2.39 0.06 2.33




Conclusions

A discussion of |AI| = 3/2 amplitudes for hyperon decays in yPT has been pre-
sented.

- At leading order these amplitudes are described in terms of only one weak parameter,
which can be fixed from the observed value of the S-wave amplitudes in ¥ decays.

- After fitting this number, we have predicted the P-waves and used our one-loop
calculation to discuss uncertainties of the lowest-order predictions.

- Qur predictions are not contradicted by cu-ljrent data, but current experimental
errors are too large for a meaningful conclusion.

- We have shown that the one-loop nonanalytic corrections have the relative size ex-
pected from naive power counting.

The combined experimental efforts of E871 and KTeV could give us improved accu-
racy in the measurements of some of the decay modes that we have discussed and
allow a more quantitative comparison of theory and experiment.



